INTRODUCTION
============

Bronchial asthma is caused by a combination of genetic and environmental factors, and presents with various symptoms and signs such as cough, wheezing, dyspnea, and chest tightness.[@B1] The prevalence of asthma has increased for several decades, particularly in childhood,[@B2] and it is the most common chronic disease in children and adolescents. To elucidate the mechanisms of asthma and other allergic diseases and to develop methods for reducing their prevalence, it is necessary to understand their accurate prevalence, their natural course, and their risk factors.

The International Study of Asthma and Allergies in Childhood (ISAAC), which Korea joined in 1995, has enabled us to compare prevalence between countries. According to the third ISAAC study in 2005, the prevalence of asthma and asthma symptoms increased in most countries that showed a low prevalence in 1995, whereas it remained stationary or dropped in most countries that had shown a high prevalence.[@B3] Korea has participated in three ISAAC surveys: two nationwide surveys in 1995 and 2000, and one regional survey in Seoul City in 2005. The second survey results have recently been reported.[@B4] According to the survey results of Seoul City, the last 12-month prevalence of wheezing decreased from 10.5% in 1995 to 5.2% in 2000, and then to 5.5% in 2005; the lifetime prevalence of asthma diagnosis has been relatively constant: 8.7% in 1995, 9.4% in 2000, and 7.6% in 2005.[@B4]-[@B6]

Risk factors for asthma include sensitization to airborne allergens during infancy, history of atopic dermatitis or allergic rhinitis, maternal smoking during pregnancy, exposure to secondhand smoking, viral lower respiratory infections, air pollution, and various genetic polymorphisms.[@B7] In Korea, the first and second ISAAC surveys demonstrated that risk factors for asthma are obesity, secondhand smoking, diet patterns, raising pets, fever in infancy, and the use of antibiotics.[@B4] However, because these were large-scale but cross-sectional studies, prospective cohort studies on growth patterns from prenatal through postnatal periods are needed to elucidate accurate risk factors.

This study was conducted as the Seoul City project of \"Atopy-Free Seoul.\" We determined the prevalence of wheezing and asthma among elementary school children in five areas of Seoul, and compared it to the results reported by the 1995, 2000, and 2005 ISAAC surveys in Korea. In addition, we compared the prevalence among the aforementioned five areas and investigated the risk factors for wheezing and asthma.

MATERIALS AND METHODS
=====================

Study subjects
--------------

This study recruited a total of 5,036 students (from first to sixth grade) from five elementary schools that were randomly selected from five areas of Seoul City (central, northeast, southeast, southwest, and northwest) After the students underwent physical examination, 4,731 responded to a questionnaire (response rate, 93.9%). There were 752 children in the downtown area, 1,376 in the southeastern area, 769 in the southwestern area, 1,028 in the northwestern area, and 806 in the northeastern area. Of the 4,731 respondents, 4,554 (2,317 \[50.9%\] boys and 2,237 \[49.1%\] girls) were ultimately included in the study.

Methods
-------

### Questionnaire survey

A modified ISAAC questionnaire was used. The questionnaire consisted of three main items: 1) general characteristics including name, sex, date of birth, height, and weight; 2) history of symptoms related to asthma, allergic rhinitis, atopic dermatitis, allergic conjunctivitis, and food allergy; and 3) environmental factors associated with allergic diseases. After the content of the questionnaire was explained to the parents or guardians of the students, written consent was obtained. The parents or guardians completed the questionnaires, and we collected them. This study was approved by the Institutional Review Board of Asan Medical Center, University Ulsan College of Medicine, Seoul, Korea.

### Prevalence of asthma and wheezing

The prevalence of the following cases were determined: 1) those that experienced one or more wheezing episodes in their lifetime; 2) those that experienced one or more wheezing episodes within 12 months of the survey; 3) those that were diagnosed with asthma in their lifetime; and 4) those that received treatment within 12 months of the survey. The prevalence was compared in terms of age, sex, and geographical area. Current asthma was defined when children had been diagnosed with asthma in their lifetime and experienced wheezing within 12 months of the survey.

### Statistical analysis

Comparisons were made in terms of sex, age, school grade, and geographical area between the children using the χ^2^ test. In the risk factor analysis, adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were obtained using logistic regression analysis. All statistical analyses were performed using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA). *P*\<0.05 was considered statistically significant.

RESULTS
=======

General characteristics
-----------------------

The mean age of the children was 9.50±1.73 years. There were 2,317 boys and 2,237 girls with a male to female ratio of 50.9:49.1. The parental history of asthma was 3.1%. A history of allergic rhinitis (AR) and any allergic disease (asthma, AR, or atopic dermatitis \[AD\]) was noted in 31.8% and 36.2% of the parents, respectively. Exposure to secondhand smoking was observed in 38.7% of the children ([Table 1](#T1){ref-type="table"}).

Difference in the prevalence of asthma according to age and sex
---------------------------------------------------------------

The lifetime prevalence of wheezing was 11.7%, and the last 12-month prevalence was 5.6%. The lifetime prevalence of asthma diagnosis was 7.9%, and the last 12-month prevalence of asthma treatment was 2.7%. The prevalence of current asthma was 2.5%. Prevalence of wheezing and asthma was higher in male than in female subjects ([Table 2](#T2){ref-type="table"}).

The last 12-month prevalence of wheezing increased from 7.0% (males, 8.4%; females, 5.6%) at age 6 years and 6.5% (males, 8.3%; females, 4.5%) at age 7 years to 9.0% (males, 11.7%; females, 6.3%) at age 8 years. Thereafter, it decreased to 5.8% (males, 7.3%; females, 4.2%) at age 9 years, to 3.8% (males, 5.5%; females, 2.1%) at age 10 years, and then to 2.9% (males, 3.2%; females, 2.7%) at age 11 years. There were significant differences in the prevalence at ages 7, 8, and 10 years between the sexes ([Figure](#F1){ref-type="fig"}).

Comparison of prevalence of asthma between the five areas of Seoul City
-----------------------------------------------------------------------

The lifetime prevalence of wheezing was highest in the north-east area (14.1%, 89/632) and lowest in the southwest (8.7%, 54/621), with a significant difference (*P*=0.006). However, there were no significant differences in the prevalence of the last 12-month wheezing and asthma treatment, lifetime prevalence of asthma diagnosis, and prevalence of current asthma between the five areas ([Table 3](#T3){ref-type="table"}).

Risk factors for asthma
-----------------------

The independent risk factors for the last 12-month wheezing were male sex (aOR, 1.90; 95% CI 1.36-2.66), history of AD (aOR, 2.76; 95% CI, 1.98-3.84), history of AR (aOR, 3.71; 95% CI, 2.61-5.26), history of bronchiolitis before 2 years of age (aOR, 2.06; 95% CI, 1.39-3.07), use of antibiotics during infancy for \>3 days (aOR, 1.88; 95% CI, 1.35-2.62), parental history of asthma (aOR, 2.83; 95% CI, 1.52-5.27), exposure to household molds during infancy (aOR, 1.84; 95% CI, 1.18-2.89), and development or aggravation of asthma symptoms within 6 months after moving to a new house. The risk for the last 12-month wheezing in older children was lower than that in younger children (aOR, 0.83; 95% CI, 0.75-0.91) ([Table 4](#T4){ref-type="table"}).

Comparison of prevalence of asthma between results in Seoul City in the 1995, 2000, 2005 and 2008 surveys
---------------------------------------------------------------------------------------------------------

The lifetime prevalence of wheezing decreased from 19.3% in 1995 to 14.4% in 2000, but it was constant in 2005 and 2008 (13.0% and 11.7%, respectively), with no significant differences compared to the data from 2000. The last 12-month prevalence of wheezing decreased from 10.5% in 1995 to 5.2% in 2000, but it was relatively constant thereafter (5.5% in 2005, 5.6% in 2008). However, the lifetime prevalence of asthma diagnosis was 8.7% in 1995, and 9.4% in 2000, and then it decreased to 7.6% in 2005 and 7.9% in 2008 compared to the data from 2000. The last 12-month prevalence of asthma treatment showed similar trends, such as 3.5% in 1995, 3.3% in 2000, 3.0% in 2005, and 2.7% in 2008 ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

According to the 1995 and 2005 ISAAC survey results, the prevalence of asthma varied among countries. The prevalence of asthma in 2005 increased in most countries that showed a low prevalence in the 1995 survey, whereas it was remained constant or decreased slightly in most countries that showed a high prevalence in the 1995 survey.[@B3] As for Asian countries, in Japan, the last 12-month prevalence of wheezing was constant at 17.4% in 1995 and 18.2% in 2005.[@B3] Also in Taiwan, it was 9.6% in 1995 and 9.8% in 2005, which is not a significant difference.[@B3] As for European countries, in the Ukraine, it was 12.2% in 1995 and 12.5% in 2005, which was similar to the results reported in Korea.[@B3] In Russia, it was 11.1% in 1995 and 11.4% in 2005, which is not a significant difference.[@B3] In Korea, the nationwide prevalence of asthma decreased from 13.3% in 1995 to 5.8% in 2005.[@B3] The last 12-month prevalence of wheezing confined to Seoul City decreased from 10.5% in 1995 to 5.2% in 2000 and 5.5% in 2005 according to the 1995, 2000, and 2005 ISAAC surveys,[@B6] and it was 5.6% according to our study, which suggests that the last 12-month prevalence of wheezing decreased markedly after 1995, but there was no significant change in the prevalence of asthma after 2000 in Seoul, Korea. We cannot determine the reason for these changes, but this result may be attributed to measurement errors according to survey time or differences in public information and understanding of asthma and allergic diseases. Considering that there was no significant difference in the last 12-month prevalence of wheezing between the 2000, 2005, and 2008 surveys, and also no difference in doctor-related prevalence, such as the prevalence of diagnosis or last 12-month treatment among the 1995, 2000, 2005, and 2008, the last 12-month prevalence of wheezing in 1995 appears to have been overestimated. In addition, it is possible that because patients received medication, such as inhalation agents, regularly through public information activities and education by academic societies and various institutions after the 1995 survey, the last 12-month wheezing was successfully controlled. In Korea, wheezing symptoms appeared to decrease due to changes in social conditions and air pollution, as well as underestimated answers to the questionnaire from increased mother\'s social activities in the 2000s. Further studies are needed to confirm our results.

In the ISAAC survey, parents answered the questionnaire based on their memories, and therefore, recall biases should be considered when interpreting the answers. In fact, there is a discrepancy between actual bronchial hyperresponsiveness and the prevalence of asthma obtained by a questionnaire.[@B8],[@B9] Furthermore, such discrepancy can be induced by differences in the methods of a questionnaire survey, which should be improved for future ISAAC surveys.[@B10],[@B11]

In the present study, it was found that prevalence of wheezing and asthma in elementary school students in Seoul City was significantly higher in male than in female subjects. Previous studies have demonstrated that asthma develops more frequently in male subjects before adolescence and in females after adolescence, and that these differences become smaller after menopause without any change in sexual predilection.[@B12]-[@B17] In addition, it is generally known that in childhood, bronchial hyperresponsiveness to methacholine is higher in boys than in girls. Although this difference has been shown to correlate with changes in anatomical structures from birth through adolescence and differences in growth hormone levels, its exact mechanisms have not yet been elucidatied.[@B18],[@B19]

The prevalence of allergic diseases tends to be lower in rural areas, which may have high exposure rates to microbial environments, than in urban areas.[@B20] Moreover, the prevalence of allergic diseases varies among urban areas due to differences in socioeconomic status, concentrations of indoor allergens, and the level of atopy.[@B21] In our study, lifetime prevalence of wheezing was lower in the downtown and southwestern areas than in the other areas, which suggests that there may be differences in socioeconomic status, life environments/traffic conditions, and effective medical care among the areas. However, our results should be interpreted carefully because the response rate to the questionnaire was significantly lower in the downtown area (82.0%).

A recent Tucson cohort study demonstrated that risk factors for chronic asthma from childhood through adulthood are wheezing after age 3 years, sensitization to Alternaria at age 6 years, bronchial hyperresponsiveness, and decreased pulmonary function at age 6 years, and that independent risk factors for newly diagnosed asthma at age 22 years are hyperresponsiveness and decreased pulmonary function at age 6 years, late-onset wheezing after age 3 years, and early persistent wheezing from under age 3 to age 6 years.[@B22] Thus, because asthma develops in infancy, the asthma predictive index (API) is very useful for evaluating risk factors for asthma after infancy.[@B23] In the modified API, history of AD, parental asthma, and sensitization to aeroallergens have been suggested as major risk factors.[@B24] In our study, history of AD and parental asthma were independent risk factors for wheezing within 12 months. Our finding that the risk for asthma was higher in male than in female subjects might have been due to a higher prevalence of asthma and bronchial hyperresponsiveness before adolescence.[@B18],[@B19] In our study, a history of bronchiolitis before age 2 years was a risk factor for wheezing and asthma. A previous investigation proposed that a history of respiratory syncytial virus bronchiolitis in infancy is a risk factor for asthma.[@B25] More work is currently being carried out on the interactions between genes and viruses in patients with recurrent virus-induced wheezing.[@B26]

Many epidemiological studies have shown that, after exposure to microbial environments during infancy, T-helper 2 immune responses are inhibited and T-helper 1 immune responses are induced with subsequent prevention of allergic diseases, whereas the excessive use of antibiotics during infancy alters the intestinal flora with subsequent reduction in the preventive effect.[@B27],[@B28] The 2000 ISAAC survey conducted in Korea found that the use of antibiotics during infancy is an independent risk factor for allergic disease.[@B29] Similarly, our study showed that the use of antibiotics for ≥3 days was an independent risk factor for wheezing within 12 months. Some investigations have indicated that there is no significant correlation between the use of antibiotics and the development of asthma.[@B28] Further studies are warranted.

Maternal smoking during pregnancy might be related to decreased pulmonary function and the development of asthma in children.[@B30] Exposure to secondhand smoke might correlate with the prevalence, severity, and acute exacerbation of asthma, and the number of visits to the emergency department.[@B31] However, in this study, there was no significant association between secondhand smoke and the last 12-month wheezing or current asthma. Although asthma is reported to occur more frequently as the degree of exposure to secondhand smoke increases, the cutoff value of exposure to smoke has not yet been determined. Therefore, complete avoidance of secondhand smoke is mandatory.[@B31] In this study, the last 12-month prevalence of wheezing was significantly related to the development or aggravation of asthma symptoms within 6 months after moving to a new house. This result implies that components released from construction material and wallpaper aggravate asthma symptoms.[@B32] To elucidate the relationship between asthma symptoms and materials in new houses, more research into environmental factors is warranted.

In a recent meta-analysis, dampness and mold in homes were associated with a variety of respiratory outcomes including wheezing and asthma.[@B33] Also in our study, early childhood exposure to molds was a significant risk factor for wheezing in primary school children. Indoor molds such as *Aspergillus* or *Penicillium* are important aeroallergens. However, because early exposure to fungal agents such as extracellular polysaccharides from *Aspergillus* or *Penicillium* might protect against asthma,[@B34] further investigations about the effect of molds on the development of asthma are needed.

The main difference in the study populations of the present study and the ISAAC surveys is that all of the students from the first to sixth grade of elementary school were included in the present survey, whereas only first-grade students were included in the ISAAC studies. The present study focused on elementary school students using a questionnaire that was answered by their parents or guardians through recall; therefore, there could be discrepancies between the actual prevalence and our data. These points should be considered in the interpretation of the results. Additional biological indicators, including bronchial provocation, hematological, and skin prick tests, should be performed to compare accurately the actual prevalence with the results of the questionnaire studies.

The primary limitation of this study is that, because it was conducted as the Seoul City project of \"Atopy-Free Seoul,\" its prevalence did not represent nationwide prevalence. However, the results of this study can be used as reference data for the following reasons: 1) a relatively large number of children were surveyed; 2) the response rate was relatively high; 3) first to sixth grade elementary school children were included; and 4) the population of Seoul City is approximately 30% of the total population of Korea. More information on asthma in school-age children can be obtained by conducting continual longitudinal studies at regular intervals, along with follow-up studies. Prospective cohort studies with a large sample size based on such longitudinal study results are required to determine accurate risk factors for asthma.
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^\*^*P* values: comparison between males and females.
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^\*^Current asthma was defined when children had been diagnosed with asthma in their lifetime and experienced wheezing within the last 12 months.
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Risk factors for wheezing within 12 months in elementary school children
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^\*^aOR: adjusted by age, sex, BMI, parental asthma, degree of maternal education, and secondhand smoking.

OR, odds ratio; 95% CI, 95% confidence interval; aOR, adjusted odds ratio; NA, not available; BMI, body mass index; AD, atopic dermatitis; AR, allergic rhinitis.
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95% CI, 95% confidence interval.
